28 29 Short periods of training in motor tasks can increase motor cortical 30 excitability. This study investigated whether changes also occur at a subcortical level. 31 Subjects trained in ballistic finger abduction or visuomotor tracking. The right index 32 finger rotated around the metacarpophalangeal (MCP) joint in a splint. Surface EMG 33 was recorded from the first dorsal interosseous. Transcranial magnetic stimulation 34 (TMS) over the back of the head (double-cone coil) elicited cervicomedullary motor 35 evoked potentials (CMEPs) by stimulation of corticospinal axons. Responses were 36
Although it is widely recognized that cortical reorganization is related to skill 85 acquisition, much remains unknown about the contribution of changes at a spinal 86 level. It is important to emphasize that responses to TMS are strongly affected by 87 changes in neuronal properties at a subcortical as well as a cortical level (e.g. 88 Rothwell, 1997) . This implies that neuronal adaptations to motor skill training 89 potentially also occur at a spinal level. There is evidence for short-term plasticity at 90 this site. Investigations of the spinal stretch reflex after motor training have 91 demonstrated changes involving the motoneuron pool and these appear to be related 92 to the acquisition of specific motor tasks (Sale, 1988 In both experiments, subjects sat with the right forearm pronated and resting 129 on a table with the elbow slightly flexed in a comfortable position ( Figure 1A During training, subjects (n=7) were presented with sets of 6 consecutive 220 frames (60 s of continuous tracking). After 4 sets with short breaks between them, 221 subjects had a longer break of ~1 min. One block of training consisted of 3x4 sets 222 (overall 72 frames). Subjects completed two blocks of training in total. While most 223 frames were presented randomly, two pairs of the frames were repeated at preselected 224 times throughout the training to simplify analysis. CMEPs and M max were evoked in 225 sets as described for experiment 1 before (Pre), between (Mid), immediately (Post) 226 and 10 min (Post 10) after the training sets ( Figure 1C ). Additional subjects (n=8) 227 performed the same blocks of training but without cervicomedullary junction or 228 peripheral nerve stimuli. 229 230
Data analysis 231
For each potential evoked by cervicomedullary (CMEPs) or peripheral (M max ) 232 stimulation, the area and peak-to-peak amplitude were measured with cursors set 233 appropriately around the waveform. In the relaxed FDI muscle, the changes that 234 occurred in the peak-to-peak amplitude and area were similar. Hence we only report 235 the results for the amplitude of the evoked potentials. To correct for peripheral 236 changes over time, the amplitude of each CMEP was normalized to the amplitude of 237 M max recorded closest in time. In experiment 1, maximal acceleration was measured 238 for each ballistic abduction movement. EMG rms amplitude was measured between the 239 start of the EMG burst and the time of maximal acceleration for each movement (55-240 60 ms period). For experiment 2, performance during the task was assessed over 241 predetermined 10-s frames. These frames occurred in pairs at 15 times during the 242 training. For each frame, the relation between the tracking pathway and the MCP joint Figure 2B ), while 289 EMG went from 1.1±0.3 mV to 1.2±0.4 mV ( Figure 2C ). For the group who received 290 no cervicomedullary stimulation, peak acceleration increased from 28.1±6.1 m/s 2 to 291 81.9±34.4 m/s 2 and EMG went from 1.2±0.2 mV to 1.3±0.2 mV. Two-way ANOVA 292 showed that acceleration increased significantly (F 1.72,22.3 =15.767; p<0.001) with no 293 difference between the subject groups (F 1,13 =0.069; p=0.797). EMG increased with 294 marginal significance (F 8.2,106.6 =1.995; p=0.052) and with no difference between the 295 subject groups (F 1,13 =0.959; p=0.345). 296
297

Corticospinal excitability 298
Prior to the ballistic training, the average amplitude of CMEPs was 299 0.7±0.6 mV. Immediately after the first block of acceleration training, CMEPs 300 increased in all but one subject to an average of 1.3±1.1 mV, and after the second 301 block of training to a mean of 1.5±1.2 mV or 248±152% of control ( Figure 3A the increase in amplitude indicates alteration in the corticospinal pathway at a 372 subcortical level. Single motor unit studies have shown that there is a strong 373 monosynaptic contribution to CMEPs in the hand muscles (e.g. Ugawa et al., 1991) . 374
Hence, the increase in size of the CMEP in FDI most likely occurred through an 375 increase in the excitability of the motoneurons or through an increase in corticospinal 376 synaptic efficacy. Because non-monosynaptic excitation of the motoneurons will also 377 contribute to the CMEP, changes in spinal interneurones cannot be ruled out. Only 378 one previous study has examined responses to brainstem stimulation after training in a 379 ballistic task (Müllbacher et al., 2002) and no consistent changes in CMEP 380 amplitudes were found, but only three subjects were tested. The authors proposed that 381 the change in MEPs induced by the practice was predominantly a function of altered 382 motor cortical excitability. In the current study, the significant correlation across 383 11 subjects between the increase in CMEP amplitude and the increase in acceleration at 384 the end of the first set of 150 movements suggests that the change at a spinal level in 385 the corticospinal pathway may contribute to improved motor performance. However, 386 the relationship was no longer present after the second training set, although CMEPs 387 were still facilitated. As increases in the MEP can last longer than those seen here in 
